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HE: A SUA) GR FH ii(liportein lipase, LPL). DtlBëäibhepatc lipase, HL DIER). DRE RAF ABE 
KR, VER WS T ARM (Acipenser sinensis). i(Hypophthalmichthys molitrix), ‘ij(Aristichthys nobilis). D 
(Ctenopharyngodon idellus) . ##44(Cirrhinus molitorella), Jé 4? 9 3Ef&(Oreochromis niloticus) HB fS(Channa maculata) 
ff] LPL Al HL SIN cDNA LES, ENT Hu A SERRE]. E, WI S'RACE Ail 3'RACE RIII 
icp Hedi pn LPL WA PERE HL MI cDNA Za, EIEREN, LPL fü HL aa 
2) WM TENE FLA AID. SK, FOB RE. LO ap APES A H JI (endothelial lipase, ELA ERIK A (pancreatic 
lipase, PDA He FUR ERR, AOL LPL. HL. EL 5 PL AEREI, WARRE DM. 


Kids: HRA ANAS; HARM, Hues, Tratt, AcE; ka 
HEADS: Q959.463; Q78; Q951.3 Vë a, A MBAS: 0254-5853-(2010)03-0239-11 

















































































































































































































Molecular Characterization and Evolutional Analysis of 
Liportein Lipase and Hepatic Lipase Gene in Chinese 
Sturgeon and Other Six Freshwater Fishes 


HUANG Yan, LIANG Xu-Fang , WANG Lin, LI Guang-Zhao, Liu Xiu-Xia, YAO Yu 


(College of Life Science and Technology, Jinan University, Guangzhou 510632, China) 


Abstract: In order to study the structural, functional and molecular evolutional relationship of fish liportein lipase 
(LPL) and hepatic lipase (HL) genes, seven liver LPL and HL cDNA partial sequences were isolated from Acipenser 
sinensis, Hypophthalmichthys molitrix, Aristichthys nobilis, Ctenopharyngodon idellus, Cirrhinus | molitorella, 
Oreochromis niloticus, Channa maculate by RT-PCR. Three full-length cDNA sequences of LPL, HL of Acipenser 
sinensis and LPL of Hypophthalmichthys molitrix were obtained by RACEs. From the sequence analysis and homologous 
results, the amino acid sequences of LPL and HL are relatively conserved in mammals, birds and fishes. Taken together 
with these obtained amino acid sequences and sequences of all known LPL, HL, EL and PL from other vertebrates, a 
phylogenetic tree was constructed by neighbor-joining method. The result supports that all of them belong to lipase 
family. 


Key words: LPL; HL; Gene cloning; Sequence analysis; Molecular evolution; Fresh water fishes 


HEZK RS JF AAR Ot y A VIS HE RE YE 8 BA) AE n Wi EZ fe ORV (Yang, 2003). HR zie —POKYRTER] 
WELBOHGEOKGEEROX. BRESA, fa otek Hg, oper HR DU B cC. Fi Be RA 
AOI A RISE 0 AE, MACH fads, H Cia ae EA, H R GS FER IR GS 
UPR ae Aves, Wb, ENE A A (lipoprotein lipase, LPL), HF Hii f&(hepatic lipase, HL). 
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240 3 yy * 








A Hz Hi S (endothelial lipase, EL) H AR AS (pancreatic 
lipase, PL)“:(Wong & Schotz, 2002; Mukherjee, 
2003). Jr, LPL EARS EMI mg: —, 55 
ULP HY HS i FCRC Dee A, ANTI ZH ZUR 




































































È LPL KAKF RR, OI UH Uis ER 
JRC IN D; TA BAR EDA BP A ERIN 





TORT (ELS TB SUE Ok, BOVE A EVER 
RE tH), Mat ds OS LAS Jo 8 UR AN ^E Pe HE 
ll Auwerx et al, 1992; Zechner, 1997; Yamada et al, 
2000). HHX 7k fer (Oncorhynchus mykiss), 

i 7k ft EC l(Pagrus major) Ut FX t 58 3027) 
AWE, ERRARE t. FPR TE LPL 
Wi VE(Lindberg & Olivecrona, 1995; Liang et al, 
2002b). HL HI LPL Sid —2H A5 lie, JI 
ERA TRF: EDE LAA Zab, ENE PSEA [8] 









































































































































A R 31 4 


























hië. ie. Hu. om. t, JEP dEfa 

Al DEBE RE AY DEZ AU. ARNA PERS Ahh de 
Promega A FJ [SV Total RNA Isolation SystemiUfil 
GE ETT - CDNA 28 FEN Gr BERNA LA 
PCR" Kit (AMV) Ver.1.1(TaKaRa)in#&, 2911 
Hieta. üt. mp Win. eA. Je EE AIDES 
ITIÈŠRNA JIRI, oligo EE SEH p 
JE ales Grott, —20°C (RTE A o 
13 ie. S£. ee Se, RH. JEX ZEB 
Hits LPL #0 HL BA cDNA 3827 FF Sinz 
je Dr ME ZI] LPL 24 AERE UR SY 9, Ort 
Tk 4 Ar (ES | WEE 1). 917] LPLOIF fl LPLO2R 
M acu . Stt fili LPL cDNA RP 
Ji]. 5|] LPLOIF I LPLO3R FIGH Aes], f. 
DEAE LPL cDNA RG. LPLOIF fll LPLO4R HH 





































































































































































































HEHN (Wong & Schotz, 2002). HRT, HL -4% 
WT CAE Ir HI OM CHE GH, HE, RANEE 
TERAK BAS AEE BS nm 458 (A cipenser 
sinensis) (Æ H), f&(Hypophthalmich- 


thys molitrix), Wi(Aristichthys nobilis), *€f&(Ctenop- 

















































































































haryngodon idellus). %4&(Cirrhinus molitorella) (f 
JÉ H). JÉ 8 4E 44 (Oreochromis niloticus) H DI f 
(Channa maculata) (85JE AYE AWE, XE vé EE 
Efa LPL I HL MIDI cDNA eat, JE E 
Mu ASE IRIE I, WEILER K ot rent, AH 
PSE HC nm et ETA re 9) 55 Ee AK (Tautz et 
al, 2003), Mt ut £8 2 gf CEN La ES UG 7 









































































































































iB, top, FUT AZ I RD Is S 
PERIE B. 


1 MESI 


11 nf 

sk Us HJ "n tE fs (Acipenser sinensis, Chinese 
sturgeon)! ER BEC E S YT Be eU rp fefe ATE 
KHW. fk(Hypophthalmichthys molitrix, silver 
carp). fW(Aristichthys nobilis, bighead carp). "fi 

































































(Ctenopharyngodon  idellus, grass carp) . f fa 


























FP nif: LPL cDNA EGO). TOS vC Hr Bou 
WES | LPLOSF Ai LPLO3R 3735/8 2 p GE 
Tif Pi LPL cDNA Zb. 

Ts. ds CRASHES HL. Sa Here FUIS] DR ST Del 
Y 3 MAFF S| oe be E FAAS HL cDNA RP 
D. 5| 47 HLOIF Al HLO3R MFP ee fei. seda. 
Jg 9 9 dpt RIDERE HL cDNA RD FPF; 5| HLO2F 
Al HLO3R HFI HGE, fg. GH cDNA RG 
D. TR dS be BE TAR E Bee ct Re ee 14 HLOIF 5 
HLO4R Hm HL cDNA HAH Bt. LAE cDNA 
HER, M Taq DNA JE i(TaKaRa)JEfT PCR $7 
H6, PINKEN: O9A'CTWAETE 3 min; 94'C 1 min, 
40°C 1 min, 72°C 1 min, £30 EH; tela 72°C 
HEH 5 min. 

14 Pt LPL. HL Fik LPL Sa cDNA 
3r 38 

T ds v EET SUBrPABILPL. HLAISELPLASS 
If] cDNA Er EERISMART'" RACE cDNA 
Amplification Kit (Clotech) Kit 3 XJ FERES Olm. 
ASLPLS'ROI fIASLPLS'RO2. ASHLS'ROI H 
ASHLS'R02. HMLPLS'RO1 4IHMLPLS'RO2( 1). 
LES lebt. S'RACE cDNA & XH GR 
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Jé 2 * Ap fa 








(Cirrhinus molitorella, mud carp) . 








(Oreochromis niloticus, Nile tilapia) Nl Dt BS (Channa 
maculate, Taiwan snakehead) > 1 EHX AP El ZK P^ 
ADT IE BALL Ak "JEEP. 

1.2 A RNA IS cDNA 58 























— heh a PX 


AIHER 5'- CDS Primer A5jSMART II A oligo4| 
WY), BUSRNA2.7 uL, Witz ET. GA 
PCRJ&JV {KAA 10xBD Advantage 2 PCR Buffer 5 
uL. dNTP (10mmol/L) luL, 10xUPM 5 uL, 453 
JHASLPLS'RO1, ASHLS'RO1 &IHMLPLS'ROI % 1 











3 Hj KEN 


3Hy Ave 
TES: 


R1 





HH 6 FRR AK FRE AE is E 








FISTS AFF IE EE D] eB X R 3E LG är 241 











Is. e 88. Se Se Egam LPL A HL BASE PCR SWF 


Tab. 1 PCR primer sequences for cloning lipoprotein lipase and hepatic lipase gene from Chinese sturgeon, 
silver carp, bighead carp, grass carp, mud carp, Nile tilapia and Taiwan snakehead 


5|] 44 Primer 


5EY] Primer sequence (5'-3') 





LPLOIF CCAAGACCTTCATAGTGAT(T/C)CA(T/C)GG(C/A)TGG 
LPLO2R CCCTCAGCCATGTCATTGT(T/G)GT(A/G)GA(T/C)GG 
LPLO3R CTGAAGAAATGCACCTTCAC(C/T)TG(G/A)TA(G/A)TG 
LPLO4R GCCTGGCTGGAAGGTGCCTCC(G/A)TT(C/G)GG(G/A)TA 
LPLOSF ACGTCCTGCACACCAACA 

HLOIF CTTCCTCTGGCTATCATCAT(C/T)CA(T/C)GG(G/C)TGG 
HLO2F GATGCCAAGTTTGTGGATGC(T/C)AT(T/C/A)CA(T/C)AC 
HLO3R GGTCTTAACTGTGTTCCACAT(A/G)TT(G/A/C/T)GCCCA 
HLO4R AGGCTGTTTGATGCCCAC 

S'RACE 

ASLPLS'ROI AGCCAGTCCACCACGATCACGTT 

ASLPLS'RO2 TCCAACTCTCAAACAGCC 

ASHLS'ROI CGATGACCACGTTGCTGTACCTCA 

ASHLS'R02 TCACCCAGCTCTCCAGCAT 

HMLPLS'RO1 TGACGTTGGGTAATGTTGTTGCG 

HMLPLS'R02 TGTTGGCTCTCGTTCATA 

3'RACE 

ASLPL3'01F CGTCAACAAAGTGAGAAACAAG 

ASLPL3'02F ATGTATCTGAAGACCAGG 

ASHL3'01F TGCCAATCACTCTAGTTGAGG 

ASHL3'02F TCGGCGACCTGATGGTTCT 

HMLPL3'01F CACACGCAGGAGCTGCAGAATG 

HMLPL3'02F CCAGAAACATGATGCCATA 


uL. cDNA 4 uL. 50xBD Advantage 2 Polymerase 
MIX 1 uL. Ju PCR-Grade water 4? 50 uL. PCR X 
WATEA: 94 CHAPE 3 min; 94 C 30s, 65°C 30 




































































s, 72 C 3 min, tt 25 AWE; BA 72 °C HEH 7 min. 
BU yr 774) 2 uL, H ASLPLS'RO2, ASHLS'RO2 





All HMLPLS'RO2, X NUP SZ 1 uL HET PCR 47 
H6, Hen. 94 CIE 3 min, 94 °C 45s, 
60 °C 45s, 72°C 45s, 3530 MEK; Hila 72 ‘CHE 
{h 5 min. 
1.5 H43 LPL. HL $n$£ LPL 8A 3' 35 cDNA 
338 

3'RACE HIRES 3'-Full RACE Core Set iX 
JUS (TaKaRa)ME2£7riARXETT. B EU te T 
oligo dT-3sites Adaptor primer 73 5| JJ ETT3 ae) 
DM, SEL le DER 3 sites Adaptor primer 



















































































M 3'RACE PCR OI ASLPL3'01F, ASHL3'OIF il 
HMLPL3'OIF H4 HA PCR KW, RAYREN: 
94 °C FASE 3 min, 94 °C 45s, 57 C 45s, 72 'C 45 
s, Jt 30 MAF; Tia 72 “CHES min. SX PCR 
Dr DI OI 3sites Adaptor primer HI ASLPL3'02F, 
ASHL3'02F fll HMLPL3'02F (X 1), PCR JJ AKTE 
Ej S'RACE "2 PCR id. 
16 PCRFWHRERF WAH 

PCR SS 2% Sy Hn BH i Fa vk A AL, 
H.Q.&.Q. Gel Extraction Kit II (U-gene) E[t JS ob 
28 pMD 18-T ZXf&(TaKaRa), FILS E.coli 
JM109, FF M13 IE IS SW, WE PCR RE 



































































































































UNAS SPA RE SEE, PAE vor EAE TERA 
BR ARIS Zs FEAT WU Fe ali Ar TEH Vector 


























NTI suite 6.0 £F, JH] Mega 3.1 J£ Sich. 


2 Zë R 


2.4. PE, SELPL AA cDNA SFIR S 
S.S JES S jE TUBISS LPL ER cDNA 
BBS) SU 

WFAA PE Seti, 8E. HE. oi. Sin. Je 
BS FE 44 ABLE LPL cDNA Ra, ER 417591 y 
842 bp. 834 bp. 833 bp. 833 bp. 510 bp. 842 bp 
All 842 bp, 43 280. 278. 277. 277. 169, 
280 Fil 280 TAAR, Je Sina dr NCBI 
dai E BLAST fff ik. GenBank ID 4} 5j 4 
EU715407 . FJ436065 . FJ436071 . FJ436077 ~ 
FJ436069, FJ436066 HI FJ436067 . 

S'RACE fil 3'RACE FAS} GME Ae f gm ES 
f$ 2 ^- TROU] BEA) PCR. vc, ox Hx 2 4S Hr BOSE 
ITEE, JUPE, 4555] 437 bp HI 612 bp DI cDNA 
DES. ëlo, Aine HE LPL KI cDNA 
ERK 1722 bp. FIIR, Soeur ATG, 
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Wr A 314 





A ERITA TGA, polyA I0PRIS 5 79 AATAAA. 
FP TBC] SEE(ORF) & 1506 bp, 5'-/m 1ER% (5'-UTR) 
K 136 bp, 3'-%igS ERNE (3'-UTR)KK 80 bp, Zi 
501 TAR, TEJUBSE EAS T Bg 572 
k, SHAW 7.77 (Al 1). 

S'RACE HI 3'RACE SCR Zr SERT WEAR AG 2 
AS FU RAKI PCR PH, ol 2 47 Fr BOSETI o 
Ue. WF, 20102 554 bp I 1119 bp DI cDNA H 
Bt. PUP RE, Mitt LPL HI cDNA ZE? 
319 bp. Fras Bre], HAHA T ATG, Aik 
BTA TAA, polyA WE Sy AATATA. FÙ 
bi) SEHE(ORF){ 1524 bp, 5‘ AERA PEL (5'-UTR)K 
161 bp, 3'-m TEREX (3'-UTR)K 634 bp, 2) 507 
DAER, HEME) AE AE A T OR 57.7 k, 
A FB SA 8.06( 8] 2). EEM ZA EIR PP ACE, 
PL HERZ ADL, TRAP AYA H EX Hir eR 
Hr ex RA 3). 
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GAGAATATAGAAAGTGGAAAGGAGGGACTCTGTGCTTAAAGGATAC 46 


47 AGCGCAGGCTCAGCAGCAGCATTACTGTAACAGTTAGGTTGGAATACTGCAAAACCAATAGTCTATTTTTTCTGGATTTTTCTAACGAAT 136 


137 ATGGGAAGAGAAAAAAATGCTTTATTGGCGATTGTATGGATATAC 


1 MGREKNALLA Y EE 


TGTTAAAAACGTGCGCAAGTTTTTCAAATACTACAACTGAAGCA 226 


227 | ACCCTTTTAACAAACAGCACGGAGTGGGTTGTCGACTACAGCAGCATCGAATCCAAGTTCTCTCTGCGCACGCCTGAACTTCCTGACGAT 316 


31 T LL T N-S EEN VX VS 8 


317 | GACACCTGTTACCTGGTCCCGGGGCAACCTGAGACCATCGCGCAA 


61 b T € Y L V P 6 qQ P. E T IA Q 


407  TGGACGGTGACTGGGCTGTTTGAGAGTTGGATCCCCAAGCTGGTG 


91 WoT OV SP Ge EB OES X P L V 


497 | GACTGGCTGCACCGAGCGCAGCAGCACTACCCCACCTCCGCTGCG 
12 D Ww Leh RAO YR Y PT S.A A Y TEL ¥ GQ 





E Ab T.C AK SF sie NE E A 30 
LI ESOS ES L EE E D 60 
GCAAATTCAACCAGACCATAAAGACCTTCGTGGTCATCCACGGG 406 
C KF Q T I FVV H G 90 


CAGCGCTGTACGAGAGAGAGCCCCACTCCAACGTGATCGTGGTG 496 
S.A, Ob. AE CRE E 
ACACTGAGCTAGTGGGGCAAGATGTGGCCAAGTTCGTGGACTGG 586 


H SN EA 120 








V AK FY W 150 


587 | ATGGAGAGTCAAATAAACTACCCTTTGGAGATGTTTCATCTGCTCGGGTATAGTCTCGGAGCTCACGTTGCTGGCATTGTCGGCAGTCTC 676 
15 MES QI Li LEMFHLLGYSLGAHVAG V GSL 180 
677 ACAAACAACAAGGTCAACCGAATCACAGGCCTCGATCCGGCCGGCCCCACGTTTGAGTACGCGGAGGAGCAGCGGCGGCTGTCCCCGGAC 766 











18 TNN V R T GL A G 




















TOFTE Y AVETE SQR R lS P 210 


767 GATGCTAACTTTGTGGATGTGCTGCACACCTACACCAGGGGCTCCCCCGACCGGAGCATTGGTATCCAGAAGCCAGTGGGCCACGTTGAT 856 





21 DA N E A Y LH EYT G S 















































DRSIGIQRKPVGHwVYV 240 


















































857 | ATCTACCCCAATGGGGGGGTCTTCCAGCCAGGCTGTGATCTGCACAAAGCCATGCTCATGATTGCTGCCAATGGATTTGCAGATATGGAC 946 
24 Te HY. B GGVFQPGC IEN A NLH IAA NG EA M 270 
947 | CAGATCGTGAAATGCTCCCATGAACGCTCCATCCACCTGTTCATCGATTCGCTGTTGAACGAGGAGAAGCCGAGCATGGCATACCGCTGC 1036 
27 Q V CSHERS IHLF SLLNEEKPSMAYRC 300 
037 AACACCAAGGAAGCCTTCGACAAGGGGCTCTGCCTGAGCTGCCGCAAGAACCGCTGCAACACCCTGGGCTATGACGTCAACAAAGTGAGA 1126 
30 N K E A F D EZ ES" N RCN LGYDVN V R 330 
127 AACAAGAGGAGCGCCAGGATGTATCTGAAGACCAGGGAGGTGATGCCTTACAAAGTTTTCCACTTTCAGATCAAGGTGCATTTCTTCAAT 1216 
33 NKRSA My cx: 11d TRE VM Y KE ES LK SY HMR? OB 360 
217 AGGATAAACATCTCCTTCACAGATCAGCCAATCCTGTTGTCTCTGTACGGGACACATAATGAAGTCCAGGACATTGCCCTCTCCCTACCT 1306 
36 R NISFT Q P L bL SsSLbYoG TD NOE. HD kA LE S LP 390 
307 GACATGTCAACCAACAAAACCATCTCGTTCCAGGTGACCACCGATGTGGACATTGGAGACCTTCTCATGGTGAAGATGAAATGGGAGAAG 1396 
39 MS TN TIS FQ VY T VDIGDLLMVEKM W E 420 
397 GATTCGTACTTCGGCTGGTCCGACTGGTGGGGAAGCAACGACTTCAAGATCCGCAAGCTCAGAGTGAAGGCGGGAGAAACGCAAGAAAAG 1486 
42 S Y F G Ws WWGs DF K IR L V RAG B T Q E 450 
487 GTGGTGTTCAGTGCCAAAGATGGCGAGTTTGCAGATCTGAAGAGAGGAGGGGACGTTTCTATCTTTGTGAAATCTAAAGAAGACCAGGTT 1576 
45 OR A DGEFADLKM GGDVS IF VK SK EDQ V 480 
577 CGCAAGAGGCATGCAAGGCATCACGAACGCAAAAGACCTGCTAAGTGCTGGATGAACTCCAATTGAATACGATGCAAAGAATGAAAAAGC 1666 
48 R K R HA H H ER KR A C WM S KS 501 
667 AATATTGCCTTGATATGGATTATTAAATAAATAAATGGAAGCAAAAAAAAAAAAAA 722 























Fig. 1 





E] 1 "ff LPL cDNA 4T 
The LPL gene sequence of Chinese sturgeon (Acipenser sinensis) 























iE AO T (ATG) HAZ: ER IESERIT(TGA)JM mo: SEALERS Fe PI(A ATAA A) EA EISE, 
The ATG start codon is bold and TGA translation stop codon is indicated by asterisk (*). The underlined (AATAAA) is polyadenylation signal. 

































































































































































3 lij 3A Sr, (ERD 6 PRRI a K AE A REAU IER D ve FE H REL AT 243 
1 GTAAACTCTTGAGAGAAACTCTGGATATAACACATCCAAAGCAGCTGCTACCCCCAACTGGAATATTAATT — 71 
72 CTGCTGTAACATTATAAATACCCGGATCTCAACGGCTTCTAATACAAATTAATAAGTATCTGCATCCGTGATCATTATAATTCTATTAAA 161 
162 ATGGGGAGAGTAAGCAGCGCTTGTTTTATATCATGGATGTATTTCGCCTACATTTGCTCGGGTTTTGAAACCACAGTTGAGCCAACGAGT 251 
1 MGRVSSACFISWMYFAYICSGFETTVEPTS 30 
252 GAATCTACCGCTTTTAGTAACTTAATGGAAAATGCCACAGAATGGATGATGGACCTCACCGACATTGAGTCCAAGTTTTCCTTTAGGATT 341 
31 ES A PS LMENA EWM M DLT D ES K F S ER 60 
342 AGCGAAGAACCCGAAGAAGATCTGTGCTACATAGTTCCAGGTCAACCCCAAACAATCAAAGAGTGTAACTTCAATCCAGACTCCAAGACT 431 
61 SE EPEE LCYIVPGQPQTIKECNIF P DS K 90 
432  TTCATAGTTATTCATGGATGGTCGGTCACCGGTATGTTTGAGAGCTGGGTACCCAAACTGGTAACAGCCCTGTATGAACGAGAGCCAACA 521 
91 F X D HG: We eS OV D Ge MCR E Se WV) Pen Kei Y A. TL: Y ES E.P 120 
522 GCCAATGTGATTGTGGTGGACTGGTTGTCCCGAGCGCAACAACATTACCCAACGTCAGCCGCTTACACCAAACTAGTGGGCAAGGATGTG 611 

2 KNV T VV Wel S R-A Q.Q H- EPP S A ATT LV G K D V 150 
612 GCCATGTTTGTTAACTGGTTACAGGCTGAGATTGACTATCCTTGGGATAAACTGCATCTGTTGGGCTTCAGTCTTGGCGCTCATGTAGCA 701 
5 AM F VN WLQA ETI DY PWODK LHLELG FS LGA H yA 180 
702 GGAATCGCTGGCCTTCTCACCAAACATAAGGTTAACAGAATCACAGGCATGGATCCTGCTGGCCCTAGCTTTGAGTACGCAGATGCCCAA 791 
8 G AG E L PRESH VN R I TGMDPAGPSFEYADAGQ 210 
792 AGCACTCTTTCCCCAGATGATGCCCTTTTCGTGGACGTTCTTCACACCAACACTCGCGGCTCTCCGGATCGCAGTATTGGGATTCAGAGG 881 
21 S L SPD ALFVDVLHTNTRGSPDRSIGIQR 240 
882 CCAGTGGGTCACATAGACATCTACCCCAATGGTGGAACCTTCCAACCTGGCTGTGACCTCCAGAACACTGTGTTGATGGTGGCCACTACT 971 
24 P VGH D I Y P GGTFQAPGC L Q TVLMVA TT 270 
972 GGTTTAAGAAACATGGATCAGATTGTGAAGTGCTCCCATGAGCGGGCCATCCACCTGTTCATCGACTCACTGGTGAACCAGGAGCAACAA 1061 
2T G L R MDQIV CS HE RA H Ds REA SLV Q E Q Q 300 
062 AGCTTGGCTTACCGCTGCAGCTCCAAAGACAGCTTCAACAAAGGCATGTGCCTCAGCTGCCGCAAGAATCGGTGCAACAAGGTGGGATAC 1151 
30 S LA YR CISS K SFN GMCLSCR N RC KV G Y 330 
152 GGTGTGAACAAAATTCGCACACGCAGGAGCTGCAGAATGTATATGAAGACCAGAAACATGATGCCATATAAAGTTTTCCATTATCAAGTG 1241 
33 GVN RTRRSCRMYM RNMMP Y VFHY QV 360 
242 AAGGTCCACTTCTTCAGCAAGAGCACAATAAGCTACACCGACCAGCCCATTAAGATCTCATTGTATGGAATCCACGGGGAGAAGGAGAAT 1331 
36 K V HF FE SL qos Q P K ISLYGIHGEKEN 390 
332 ATCCCTTACGTTATGCCTGCTTTAAACACAAACTCCACGGTGTCCTTCCTTTTGACCACGGATACAGACATCGGAGAACTGCTGATGGTA 1421 
39 LE TA PA LAFEN SEA EL. Te T D IGELLMYV 420 
422 AAACTTCTCTGGGAGAAAGACTCCCTCATCAGCTGGCCCTGGTGGAACCCTGATACCTTTCACATTCGCAAATTACGCATCAAATCAGGA 1511 
42 K LLWEKODS LIS WPWW P T^ SE. H R K L RIK SG 450 
512 GAGACACAATCTAAGGTCATCTTCCGTGCAAAAGAAGGTGAATTTTCCTACCTTTCCCGTGGAGGTGAGGCTGCCATCTTCGTGAAAGAC 1601 
45 E Q S V LOER-ROA EES RF Wo d; 5 R66 GUE AA F VK D 480 
602 AAAGAAGCCCAGTCGAGCCGCAAAAACCAGAGATTGCACAAGT TGAAGATGAACGGAAGTTCGTTCAAACAGAACACAGAGTAAAGGCAC 1691 
48 K EAQS SR KN QRLH KUL M GS S F K QN E ok 507 
692 ACATCGAAATCCACCTCTGCTGGGATCTGGCACGGAATT TGCCAGGGAAACTGGAATGGTAGAAACTGACTTCTCCCATATATTCGGACT 1781 
782 CGTAACCTTCACCCGACCCAAATCCAGAAACACATCCTGCAAGAAACCGCATCTTGAAAATGTTACTGCTGTGCAGTTTTAAAACAAAAA 1871 
872 AATCACTTCGGATACTGCTCAAGACACATTGCAGGTCTTGTGAGACAATCTTTAATGAAATCATTTAATCCATAAAAAGATAATCATGTC 1961 
962 TCTATGCAATATATTTATACAAGTAATCAGTTTTAGTCTGAAAGGACTTGCACTTAGTTAACAGGGTTTGCTAGTTGTCCACCAAAGAGA 2051 
2052 CTTTCCTTTCTGGAGAAAGATGCCATTCAAAACATGTTACTATTCGTTTGGTTTATCAGTATTATTCTTGAAATTCTACTTAGAGACTAA 2141 
2142 ` ACATCTAAGGTTATTTAGCTGTTTGTTTGGCTGTACTGTGAATTAGGTTGTACCAATGCGGTTTCCTAGCTATGCTAATCCTCTTTGCCT 2231 
2251  CAGTTCCGAAAGCAGAACTTTCAGATTTGCCTTTGTTGCAGCCTGCAGTCAGTCTGAATGAAATGCTTTAGCAAAAAAAAAAAAAAAA 2319 


ia AE TA TO Aes; ER IEEE T (TAA) 


KI 2 fs LPL cDNA 4/74) 








Fig. 2 The LPL gene sequence of silver carp (Hypophthalmichthys molitrix) 




















RIN; SR He s FP (AATATA) EA FI e 


The ATG start codon is bold and TGA translation stop codon is indicated by asterisk (*). The underlined (AATATA) is polyadenylation signal. 


22 "BÉSHLÉBIDNASISIERSE. ge Se, 
Sp. ESF dEÉSTDBESSHLZEESCDNAdiD 
Fle SAA 

MFE PART. EL f EF 
BARA RIBESS HL cDNA Rat, BEA I: 
1043 bp. 672 bp. 1068 bp. 1068 bp. 672 bp. 1060 

bp H 467 bp, 1 MIMI 347. 224. 356. 356. 224, 

353 Fl 155 ra Ke, Je sin E NCBI 

bd Ak E BLAST HAt . GenBank ID 4) 3l] Jj FJ436062 , 


FJ436082. FJ436087. FJ436064 , FJ436086 , FJ436083 
HI FJ436085. 
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S'RACE fil 3'RACE FAS} Fa ME Ae fe gm ES 
f$ 2 ^- TROU] BEAU) PCR. vc, op Hx 2 7S Hr BOSE 
ITEE, WF, 4) 555] 568 bp HI 440 bp DI cDNA 
HE, GRP SIS, Mie Set} HL HIN cDNA 
ARK 1780 bp. PMMA, Ed E T y ATG, 
2 ERITH TGA, polyA I0PRIS 4 AATAAA. 
ORF K 1500 bp, 5-UTR K 118 bp, 3-UTR K 162 bp, 
Fits 499 SAER, ME IT SC AA ad Fa 
56.3k, SK 9.00(K 4). dr e ER? prp 
HREM AL. IPRA ERR. PSE ASAE BERR 
BRINE A RR HIE Ar A(R] 5). 
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A ANAT SERES fim 
Pols = RAL 
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Chinese Sturgeon L 
ilapia LPL 
Silver carp LPL 
Grass carp LPL 

Bighead carp LPL 


Mud carp LPL 
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Silver carp LPL 
Grass carp LPL 

Bighead carp LPL 


Mud carp LPL 


ilapia LPL 
Silver carp LPL 
Grass carp LPL 

Bighead carp LPL 
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aiwan snakehead LPL 


Chinese Sturgeon LPL 


aiwan snakehead LPL 


Chinese Sturgeon LPL 


aiwan snakehead LPL 
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Silver carp LPL 
Grass carp LPL 
Bighead carp LPL 


Taiwan snakehead LPL 


Mud carp LPL 


Chinese Sturgeon LPL 


ilapia LPL 
Silver carp LPL 
Grass carp LPL 
Bighead carp LPL 


Mud carp LPL 
ilapia LPL 
Silver carp LPL 
Grass carp LPL 


Bighead carp LPL 


Mud carp LPL 





ilapia LPL 
Silver carp LPL 
Grass carp LPL 
Bighead carp LPL 
aiwan snakehead L 
Mud carp LPL 











aiwan snakehead LPL 


Chinese Sturgeon LPL 


aiwan snakehead LPL 


Chinese Sturgeon LPL 


PL 
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(235) PVGHVDIYPNGGV 
(153) PVGHIDIYPNGGT 
(241) PVGHIDIYPNGGT 
(153) PVGHIDIYPNGGT 
(153) PVGHIDIYPNGGT 
(153) PVGHIDIYPNGGT 





3 MAARE 


EC OH 





( 

( 

(1) MGRVSSACFISWMYFAY ICSGFETTVEPTSESTAFSNLMENATEWMMDLTD IESKFSFRISEEPEEDLCY IVPGQPQTIK 
(1) —- us SH 

( 

( 

( 





















(75) QCKFNQTIKTFEVVIHGWTVTGLFESWIPKLVSALYEREPHSNV I VVDWLHRAQQHYPTSAAYTELVGQDV AKFVDWMESQ 
Eeer FIVIHGWTVTGMFESWVPKPVSALYDRVPTANV IVVDWLTRANQHYPTSAAYTKLVGRDV AKFVTWI QNE 
(81) ECNFNPDSKTFIVIHGWSVTGMFESWVPKLVTAL YEREPTANV IVVDWLSRAQQHYPTSAAYTKLVGKDV AMFVNWLQAE 
(1). = FIAIHGWSVTGMFESWVPKLVTALYEREPTANV IVVDWLSRAQQHYPTSAAYTKLVGKDV AMFVNWLQAE 
Ch) SSS FIVIHGWSVTGMFESWVPKLVTALYEREPTANV IVVDWLSRAQQHYPTSAAY TKLVGKDV AMF VNWLQAE 
(ecc FIVIHGWTVTRMFESWVPKLVSALYEREPSANV IVVDWLTRANQHYPTSAAYTKLVGRDV AKFVVRIQKE 
Ch): EE FIVIHGWTVTGMFESWVPKLVTALYDREPTANV IVVDWLSRAQQHYPTSAAYTKLVGRDV AKFVNWLQGE 
dobk RSE Jh o iis clek ck Zéi ck ck celeleleelelek lok clelelelelelelelolok kkk kkk kk 

(155) INYPLEMEHLLGYSLGAIVAG I VGSLTNNKVNRI TGLDPAGPTFEYAEEQRRLSPDDANF VDVLHTYTRGSPDRS IGIQ 
(73) LQLPWDRVHLLGYSLGAHVAG I AGDLTNHK ISRI TGLDPAGPTFEHADEQS TLSRGDAQFVDVLHTNTRGSPDRSIGIQ 

(161) IDYPW IVAGIAGLLTKHKVNRITGMDPAGPSPFEYADAQS TLSPDDALFVDVLHTNTRGSPDRS IGIQ 
(73) IDYPWE IVAGIAGLLTKHKVNRITGMDPAGPSPFEYADAQS TLSPDDALFVDVLHTNTRGSPDRS IGIQ 
(73) IGYPWE IVAGIADLLTKHKVNRITGMDPAGPSPFEYADAQS TLSPDDALFVDVLHTNTRGSPDRS IGIQ 
(73) LQSPW IVAG I AGDLTDHK ISRI TGLDPAGPTFEHADDQS TLSRDDAQFVDVLHTNTRGSPDRS IGIQ 
(73) IGYPWE HVAGIAGLLTKHKVNRITGMDPAGPSPFEYADAQS TLSPDDALF VDVLHTNTRGSPDRS IGIQ 












































* DRAKA AK cdeleteletetetetek äh k kokk kickt kk ok k kk kk cobelelelelek. oek kk 
# # A A A 








LF IDSLLNEEKPSMA Y! 
LFIDSLLNIEQQSVAF| 
LFIDSLVNQEQQSLAY| 
LF IDSLVNQEQQSLAY! 
LF IDSLVNQEQQSLAY! 
HLF IDSLLNIQQQSLAY| 


TKEAFDKGL@ 
SKDTFNKGM@ 
ISSKDSFNKGM@ 
ISSKESFNKGM@ 
ISSKDSFNKGM@ 
SKDAFNKGL@ 


































































































(153) PYGHEDIYPNGGT ROPE S32 a ant RAI trust entente 
keck dolelelololek 
N-terminal domain Y C-terminal domain 
IRKNRSNTLGYDVNKVRNKRSARMYLKTREVMPYKVFHFQIKVHFFNRINISFTDQP ILLSLYGTHNEVQD IALSLPD 
BRKNRENKIGYNVKKVRTARSTRMYLKTRGMMPFKVFHYQV 
HRK VKVGYGVNKT SCRMYMKTRNMMPYKVFHYQV 
BRKNRENKVGYGVNKT SSRMYMKTRDMMPYKVFHYQV 
BRK VKVGYGVNKT SSRMYMKTRDMMPYKVFHYQV 
BRK VKLGYNINKVRTSRSAKMYLKTREMMPYKVFHY QV. 


















































(392) MSTNKTISFQVTTDV WWGSND 
(281) —————--———--——---————-———————————————- 
(398) LNTNSTVSFLLTTDT PWWNPDT 
(278) -------------------------------------------------------------------------------- 
(281) ——--——---——-———---——--—— eee ee eee om 
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Fig.3 Amino acid sequence alignment of LPL of acipenseriformes, cypriniformes and perciformes 
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RATE BORE RFR ERARA A FIRER: 2 em BRIN Wh BE AEP, SY” 


The conserved residues in all sequences are indicated by asterisk (*). Putative signal peptide is underlined. Potential N-linked glycosylation 


sites are boxed in gray squares. Putative lipid-binding region are double underlined. Polypeptide “lid” is boxed. Catalytic triad is marked in “#”. 


Formation sites of dimer are marked in “A”. Conserved Cys residues are typed in white letters on black. “-” indicate amino acid gaps that are 


necessary to align these sequences. “|” marks the limit of N-terminus and C-terminus domains. 


31 4 






















































































3 Jj WO RE (Epi 6 BR Fi EL EIER A WERT DT Js GE DA v D A IR EA) Ir 245 
1 GAGATCTGTGCTACATAACTGGTTGCTG 28 
29 | CTGCTGCTGCTGGCAAGTTCTTTGGTTGGTTGGCTGGCTGGCTGGTTGGTAATATTTCACGGCTTCAGTTGTCTGCTAGGATCTCACACT 118 
119  ATGGGCATTGTCAGGGGGCTTGTCTTCATCTTGTTCATTTATCACATAAGTGACGCAAAGAGGCTTTTGGTGAACAAAACTGACACAAAA 208 
1 MG#tIVRGtLVFILF IY HIS DAK RLLVN K TOD T XK 30 
209 GACAAATCTCAACCAATTCTGAAACAAAAAGTTCATTATGTCCCAAAATCCAACTTCCGCTTGTACACCAGTGGGGATGCCATGGATGAT 298 
31 DKS Q@PdILK QK VdH Y¥Y VP KS NF ROLY TS GOD AM D D 60 
299 ACCTGTACGATCCTGCCCTTCGACTCAGGGACCCTGGACCGGTGCAGCTTCAACAGCACTGCCCCCCTGGTCATCATCGTTCATGGATGG 388 
61 T C ILPFDSGTLDRCSENSTAPLVIIVHGISY 90 
389  TCGGTGGATGGGATGCTGGAGAGCTGGGTGACGAAGCTGGCAGCGGCCCTGAAGTCAAAGCTGAGGTACAGCAACGTGGTCATCGCTGAT 478 
91 SVDGMLESWVTEKLAAALKSKLRYSNVVIIAILD 120 
479 TGGCTCTCCCTCGCTCATCAGCACTATGCAATAGCAGTGCAGAACACACGGCTGGTCGGCCAGGAGATCGCAGACTTGTTGGAATGGCTG 568 
121 WL SLAHQAHYAIAVQANTRLVGQUETIADLLEWL 150 
569 GAGGAGTCCCACCAGTTTTCTACAGAGAATGTTCATTTGATCGGGTACAGTCTTGGCGCGCATGTCTCAGGATTTGCTGGTAGTTATGTG 658 
151 E ES HQFS TE NVHLIGYSLGAHVSGFAGSYV 180 
659 | AGCGGCTCCAGGAACATTGGAAGAATTACAGGCCTGGACCCTGCAGGTCCACTATTCGAAGGAATGTCCTACACTGACCGGCTGTCTCCT 748 
181 S GSR IGRITGLDPAGPLFEGMSYTDRLSP 210 
749 GATGATGCCAACTTTGTTGATGCCATTCACACCTTCACGCAGCAGCACATGGGTCTGAGTGTGGGGATCAAGCAGCCGGTCGCCCATTAT 838 
211 D D A FVDAIHTFTQQHMGLSVGIKQPVAHY 240 
839  GACTTCTACCCGAACGGAGCACCTTTCCAACCTGGCTGTCACATCAAGAATTTGTATGATCACCTGTCTCAATATGGACTGTCAGGTTTT 928 
241 D F Y P G A P F.Q PG CH I K N.L Y DH b S Q Y 6G L $5 6 E 270 
929 | CAGCAGAATGTGAAATGTGCACACGAGAGATCTGTGCACCTCTTTATTGACTCTCTGTTGAACGATGACAAGCAGAGCATGGCCTACTGG 1018 
271 Q QN V C AH ERS VHLFIODS LLNODOD K QS M A YW 300 
1019 TGCAATGACAACAAGTCCTTTGACAAGGGCATCTGCCTGGACTGCCGCAAGAACCGCTGCAACACGCTGGGCTACAACATCAAGAAGGTC 1108 
301 CN DN SF K GICLDCREKNRCNTLGYN K K V 330 
1109 CGAACCGGAACCAGCAAAAGACTGTATCTAAAGACACGCTCCCACATGCCTTACAAAGTCTATCACTACCAGTTCAAGATCCAATTCATC 1198 
31 RT GT SK RLY LK T R SH MP Y K VYH Y QF K Q F I 360 
1199 AACCAAATTGCGCAGCTGGAACCCATGCTTACTATATCTCTGATGGGTACAAAAGAAGATGTTCAAAACTTGCCAATCACTCTAGTTGAG 1288 
331 NQIAQLEP MLTISLMGTEKEDVQNLPITLVE 390 
1289 GAAATAACTGGCAACAAAACCTACACTTAACTAATCACACTGGACACAGACATCGGCGACCTGATGGTTCTCAAGTTTAAATGGGAAGGC 1378 
31 E ITG NK TY TZL ITLDTDIGDLMVLEKFKWEG 420 
1379 TCTGCAGTTTGGGCCAACATCTGGAACAAGGTCCAGACTATCATGCCTTGGAGAAAAGGAGGGAAGGGCCCAGAGCTCACTGTGGGGAGA 1468 
421 S A V WAN IWNEKVGQTIMPWRKGGKGPELTVGR 450 
1469 ATCCGGGTCAAGGCTGGAGAGACACAGAAAAAAACCTCATTCTGCTCTCAGAGCGACGACAGCACCCACATACTGCCGGCTCAAGAGAAA 1558 
451 I RV K AGE TQK KTS FCS QS DDS TH IL P AQ EK 480 
1559 ACCTTTGTGAGGTGCGAGAGAAACAGCAACAGGGGGAAGAAGAAAACCACACTCGCATGATGAAACCCACTGGTCTGTTACACTTGGTGA 1648 
481 T F V R CE RN S N R GK K K T T L A 499 
1649 CTGGGAAATATTACAATTAAAACTTTTATGGAACTCCTTTTATTATTATTATAATAAAGGTTACTGATACTTCTCGGGAAAAAAAAAAAA 1738 
1739 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 1780 
Al 4 riffs HL cDNA 4j 
Fig.4 The HL gene sequence of Chinese sturgeon (Acipenser sinensis) 
ia ae (ATG) ASEAN; Ze T(TGA) mos BRAT Ri TP PA ATA AAL FAUZE ër, 
The ATG start codon is bold and TGA translation stop codon is indicated by asterisk (*). The underlined (AATAAA) is polyadenylation signal. 
X 2 BR. SMR LPL ASR IER 
Tab. 2 Amino acid similarity of the LPL among fish, bird and mammals 
Dh DS Lj fn Fin ER Dap ES KE A 
Species Silver carp Bighead carp Grass carp Tilapia Taiwan snakehead Mud carp Red seabream Rat Human 
Pieti 
75.5 75.5 76.2 79.9 73.2 74.3 77.1 77.6 78.0 
Chinese sturgeon 
fi Silver carp 97.5 97.8 95.3 79.3 80.0 79.6 72.9 72.6 
fili Bighead carp 98.2 95.9 78.2 78.9 78.5 72.2 71.8 
Tff Grass carp 95.3 78.2 78.9 79.2 72.9 72.6 
fm Tilapia 85.2 84.6 85.2 79.3 79.3 
ER 
90.4 89.6 70.7 70.4 
Taiwan snakehead 
PEMS Mud carp 93.2 72.5 72.1 
FL fi] Red sea bream 63.8 60.4 
AN Rat 91.8 
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Chinese Sturgeon HL 
Tilapia HL 
Silver carp HL 
Grass carp HL 
Bighead carp HL 
Taiwan snakehead HL 
Mud carp HL 
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Chinese Sturgeon HL (81) APLVIIVHGWSVDGMLESWVTKLAAALKSKLRYSNV V T ADWLSLAHQHY A TAVQNTRLVGQETADLLEWLEESHQFSTEN 
Tilapia HL (1). LPLAL LEHGWSVDGMMESWVMRLATAVRTNL IDANVVLTDWLSLAQQHY PVAVQKTRTVGKDIAHLLQTLQEHYKYPLRN 
Silver carp HL WE EE MES "E 
Grass carp HL (1) LPLATITHGWSVDGMMDKWISRLASALKSSEGS INVVIADWLTLAHQHYP IAAQNTRIVGQDI AHLLRWLEDFKQFPLG 
Bighead carp HL (1) ---SSGYHHSWLDGMMENWISRLASALKSSEGS INVVI ADWLTLAHQHYPTAAQNTRI VGQDIAHLLRWLEDFKQFSLG 
Taiwan snakehead HL — (1) LPLATITHGWSVDGMMDSWVLRLAATLKKNL IDVNVVI TDWLSLAHQHYPTAVQGTRTVGKDIAHLLQSLQKQLQYPVS 
Mud carp HL (1) —----------------------- UR MES E 
Chinese Sturgeon HL (161) VHLIGYSLGAHVSGFAGSYVSGS-RNIGRITGLDPAGPLFEGMSYTDRLSPDDANFVDATHTFTQQHMGLS VG IKQPV AH 
Tilapia HL (81) AHLIGYSLGAHISGFAGSFLTGQ-EKIGRITGLDPAGPLFEGMSPTDRLSPDDAEFVDATHTFTHERMGLS VG I KQAV AH 
Silver carp HL (T) = ee MERERI EO DAKFVDATHTFTQQRMGLS VG IKQPV AH 
Grass carp HL (81) VHLIGYSLGAHISGFAGSNLAVSGKTLGR ITGLDPAGPLFEGMSHTDRLSPEDARFVDATHTFTQQRMGLS VG IKQPV AH 
Bighead carp HL (78) VHLIGYSLGAHISGFAGSNLAVSGKTLGR ITGLDPAGPLFEGMSHTDRLSPEDARFVDATHTFTQQRMGLS VG IKQPV AH 
Taiwan snakehead HL (81) AHLIGYSEGAHISGFAGSYLEGS-EKIGRITGLDPAGPLFEGMSPTDRLSPDDAEFVDATHTFTHERMGLS VG IKQ———- 
Mud carp HL (1) SSS DAKFVDATHTFTQERMGLS VG IKQPV AH 
# # "kk kako ako kk kk H kk eck kkk 
A A 

Chinese Sturgeon HL LYDHLSQYGLSGFQQNV ERS VHLFIDSLLNDDKQSMA YW@NDNKS. 

Tilapia HL IYEHISQYGILGFEQTV| ERSVHLFIDSLLNKDKQSMAYRSSDNSA 

Silver carp HL IYSHLAQYG IMGFEQTV| IERAVHLFIDSLLNKDKQIMAYK@SDNTA 

Grass carp HL TYSHLAQYG IMGFEQTV| IERAVHLFIDSLLNKDKQIMAYK@SDNTA 

Bighead carp HL (158) FDFYPNGGSFQPGICQLHVQNTYSHLAQYG IMGFEQTVKCAHERAVHLFIDSLLNKDKQIMAYK@SDNTA: 

Taiwan snakehead HL (156) ———-------------------------------—--- a Rr P M P I 
Mud carp HL (29) FDFYP GGSVQPGCALHVQ TYAHLAQYG IMGFEQTVKCAHERAVHLFIDSLL DKQIMAYK@SDDTAFDKGNGLD@RI 





N-terminal domain D C-terminal domain 
LGYNIKKVRTGTSKRLYLKTRSHMPYKVYHYQFKTQ| 
















































































Chinese Sturgeon HL (318) NR FINQIAQLEPMLTISLMGTKEDVQNLPITLVEEITGNK 
Tilapia HL (238) N LGYDIKKVRTGTSKRLYLKTRSRMPYKLYHYQFRIQFVNQTEKVEPSLT ISLTGTKEESGAVDI TFNEKTSGNK 
Silver carp HL (109) N LGYD IKKVRTGTSKRLFLRTRSHMPYKLFHYQFRIQF INQTDKIDPTLTVSLTGTLGESENLPITLVEEISGNK 
Grass carp HL (241) N LGYD IKKVRTGTSKRLFLKTRSHMPYKLFHYQFRIQF INQTDKIDPTLTVSLTGTLGESENLPITLVEEISGNK 
Bighead carp HL (238) NR@NTLGYDIKKVRTGTSKRLFLRTRSHMPYKLFHYQFRI QF INQTDKIDPTLTVSLTGTLGESENLPITLVEEISGNK 
Taiwan snakehead HL (156) ----------------—- EE Ee Ee? GEES 
Mud carp HL (109) RN LGYDIKKVHTGASKRLFLKTRSRMPYKLFHYQFRIQFINQTEKIDPTLTLSLTGTMGESESLPMTLVKETSGSK 
Chinese Sturgeon HL (398) YTLLITLDTDIGDLMVLKFKWEGSAVWAN TWNKVQT IMPWRKGGKGPELTVGRIRVKAGETQKKTSFCSQSDDSTHILPA 
Tilapia HL (318) FTFLITLDRDLGELMLLNMHWEASPLWANMWNT VK To 
Silver carp HL (189) FTFLITLDTDIGDLMIMSFTWEGSHMWANMWNT VK To 
Grass carp HL (321) LTFLITLDTDIGDLMIMRFTWEGSPMWANMWNT VKT—————-———-——------------------------------—- 
Bighead carp HL (318) FTFLITLDTDIGDLMIMRFTWEGSPMWANMWNT VKT—————-———-———--—---------------——-------------—- 
Taiwan snakehead HL (156) ----------------—- RU EE MEE ES NR ERE EN “EE RE C ERES UP HEURE AD RUE 
Mud carp HL 

Chinese Sturgeon HL 

















Tilapia HL 
Silver carp HL 
Grass carp HL 
Bighead carp HL 
Taiwan snakehead HL 
Mud carp HL 























NS 








Als W'gfatEH'HeSmHUEH. WE HAK HL ARFA] 

Fe 3 Amino acid sequence alignment of HL of acipenseriformes, cypriniformes and perciformes 
AAAI HI ke, fe SIKU EBI Aa, AE DEIER KO A d eos WAAR XE. AH un H AHER s 
IR — BEP ae i it, SA ttt RATE BS d, CRAP SAP Hat gr IER AR ass RRR DIE YATE BR)” 
PRH N-R mA C-A FE DR o 


The conserved residues in all sequences are indicated by asterisk (*). Putative signal peptide is underlined. Potential N-linked glycosylation sites 































































































































































































are boxed in gray squares. Putative lipid-binding region are double underlined. Polypeptide “lid” is boxed. Catalytic triad is marked in “#”. 
Formation sites of dimer are marked in “A”. Conserved Cys residues are typed in white letters on black. “-” indicate amino acid gaps that are 


necessary to align these sequences. “|” marks the limit of N-terminus and C-terminus domains. 
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ChB AL SW. SAAR] 28 LPL —2« £535, 


Ei 


R^. PR 6 PRR AK Fe HE fa JJ ec 
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AUG 2S LPL Head FLA A 60.496— 
79.39o|]H] JE, GRA 62.596— 80.9% EMEK 
H PEREI S 
ESS IA 77.6%~78.0%, 80.996. 


2). EF, MEARE 
MH E fa 2S Ey 
73.2%~79.9%; MEF faf JE 
WITEX 60.4%~72.5 
71.8% — 79.3% [EJI TE ; 
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3L2 WAIA fH B HL Re, A 
AEREI n3 28V 52.7% ~ 














96; MEE 























66.9% ARLE. HEH, MAAR 











JE H refs cu 








EE 

















BY EMEA 64.5%~66.9%, Git fh fa2k 














H Ji H p 
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70.1%~76.3%; WEF fa fi JE H 














KTRK E 























HEX 52.7%~64.7%; BÉIS H 




















H fa 8G SLA oI) E] 
H fas 5m L2 
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ANERXRGnOXGRdHO SO TRY 








Neighbor-Joining(NJ)?2: 44 E LI 


from 1000 replicates). Akt vá 








DI GenBank 





NM 000237; X 
HL KD GenBank P 2130 F (GenBank accession numbers for HL): A(human): NM 000236; /Bit(mouse): 


NM 012597; K 
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5p 


























KA 





‘fy (large mouth bass): 


numbers for PL): (human): 


EL HD GenBank 








(3€ 2), RI LPL EHIE FHR TAY « 


A Tilapia LPL 
Largemouth bass LPL 































=| Gilthead sea bream LPL 
Red sea bream LPL 

A Taiwan snakehead LPL 

A Mud carp LPL 

A Bighead carp LPL 

64 | A Silver carp LPL 

A Grass carp LPL 

A Chinese sturgeon LPL 

Chicken LPL 


57 





49 
Mouse LPL 
Human LPL 

Rat LPL 

Zebrafish EL 
Human EL 

Mouse EL 

91! Rat EL 


77 


Human HL 

35, Mouse HL 

Rat HL 

@ Chinese sturgeon HL 
64, @ Mud carp HL 

@ Silver carp HL 

@ Bighead carp HL 

68 !@ Grass carp HL 
Largemouth bass HL 

@ Tilapia HL 

@ Taiwan snakehead HL 
Red sea bream HL 
Red sea bream PL 
Human PL 
Mouse PL 
Rat PL 


0.1 














RI 6 LPL. HL. PL All EL ff] ABE 
6 The phylogenetic tree of LPL, HL, PL and EL 
WESEL 1000 (The tree was constructed by NJ method and the bootstrap consensus inferred 


Fig. 





























FS LPL. HL J&A} 9H] A 414 bei CLPL and HL genes cloned in our study are indicated by A and @); LPL 








(GenBank accession numbers for LPL): 2h (mouse): NM 008509; A Biet: NM_012598; A (human): 


FJ 436090; D iilil(red sea bream): AB243791; Af] Cbilthead sea bream): AY495672. 


X58426; Afil(rat): 


#2 fy large mouth bass): FJ436063; ELM (red sea bream): AB252855. PL RI GenBank Pe 2 lll F (GenBank accession 


NM 000936); Ah (mouse): NM 026925; Lia: NM 013161; E£ifli(red sea bream): AB252856). 


Fes E (GenBank accession numbers for EL): (human): NM 006033; -h Bimonsch: NM. 010720; Brat) : 
MM 001012741; BE444 (zebrafish): 


NM 200128. 


fa 2 GMP DA 
56.9% ~ 63.1% ll ECE 3); KIH AL dE ERE 
Dain, fH; LPL ABLE, H46 E LPL $$ HL 

































































248 We WP A 3135 
X 3 fS Sain HL Ss 
Tab.3 Amino acid similarity of the HL among fish and mammals 
E DS D fn Fin DF DC Er AR RR 
Species Silver carp Bighead carp Grass carp Tilapia Taiwan snakehead Mud carp Redseabream Rat Mouse 
pipt 
76.3 72.2 71.9 70.1 72.2 72.9 71.8 64.5 66.9 
Chinese sturgeon 
fit Silver carp 98.7 97.8 90.6 78.6 10.4 74.1 582 613 
DN Bighead carp 98.6 91.1 74.7 68.0 732 592 63.1 
ifa Grass carp 91.1 74.7 75.0 70.3 587 623 
fft Tilapia 77.2 13.5 73.7 569 59.6 
Bp As 
85.2 84.7 58.6 62.5 
Taiwan snakehead 
DEE Mud carp 87.1 63.5 64.7 
ES 
52.7 533 
Red sea bream 
KE Rat 86.1 
24 LPL, HL. EL, PL ASHE Ar ERES DF E BP HE D B] 4) TP kt ARR AE 
LPL. HL. EL 4! PL JAGR, KHA Dm, MEI n mm Cut e Mfr PU S Org 
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